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Description 

[0001] The present invention relates to a process for the modification of the rac/meso ratio of a rac/meso mixture in 

a stereorigid metallocene compound. 
5 [0002] Stereorigid metallocene compounds having two substituted cyclopentadienyl ligands joined by means of a 

bridging group which gives stereo-rigidity to the molecule are known to be stereospecific catalyst components for the 

preparation of isotactic polyolefins. These metallocenes can exist in two configurations, that is the racemic and the 

meso isomeric form. As the chiral racemic form only is stereospecific, the meso form is generally removed by separation 

from the rac/meso mixtures obtained from the metallocene synthesis. 
10 [0003] Thus, for example, in U.S patent No. 4.769.510 it is described the use of rac-ethylene-bis(indenyl)zirconium 

dichloride and of rac-ethylene-bis(4,5,6,7-tetrahydroindenyl)-zirconium dichloride in combination with methylalumox- 

ane for the preparation of isotactic polypropylene. 

[0004] As regards the stereorigid metallocene compounds of the above type in their meso isomeric form, in EP-A- 
643,078 they are used in catalyst systems for the preparation of high molecular weight ethylene polymers. 
is [0005] Inasmuch as the methods for the preparation of the above metallocene compounds generally give a rac/meso 
mixture, both the racemic and the meso isomeric forms have to be separated from the corresponding undesired form. 
This is generally done by separation methods such as, for example, fractionated crystallization and extraction with 
solvents, which are often long, impractical and expensive. Moreover, the desired isomer is not always achievable with 
a high purity. 

20 [0006] WO 95/35333 describes a process for the preparation of ethylene polymers having a broad molecular weight 
distribution by carrying out the polymerization reaction in the presence of a catalyst comprising a mixture of the racemic 
and meso isomers of a stereorigid metallocene compound and at least one co-catalyst capable of activating both the 
racemic form and the meso form of the metallocene compound. Different rac/meso ratios have been used in the working 
examples. 

25 [0007] It is thus highly desirable to be able to prepare stereorigid metallocenes in their pure racemic or meso isomeric 
form, or in a rac/meso mixture with a fixed rac/meso ratio, without resorting to unpractical separation steps of the 
undesired isomer 

[0008] It has now unexpectedly been found that it is possible to selectively decompose one of the isomers of bridged 
chiral metallocenes in the presence of compounds having either acidic hydrogens or reactive halogen atoms. 

30 [0009] Therefore, according to a first aspect, the present invention provides a process for the modification of the rac/ 
meso ratio in a mixture of racemic and meso isomeric form of a stereorigid, bridged metallocene compound of a tran- 
sition metal selected from those belonging to groups 3, 4, 5 or 6 or to the lanthanides or the actinides in the Periodic 
Table of the Elements (new IUPAC version), said process comprising contacting said mixture with a decomposition 
agent selected from the compounds having either an acidic hydrogen atom or a reactive halogen atom for a time 

35 sufficient to decompose at least part of one of the isomeric forms. 

[0010] Depending on the type and concentration of the decomposition agent employed, as well as on the conditions 
in which the process is carried out, it is possible to control the degree of decomposition of the undesired isomer and, 
consequently, to prepare rac/meso mixtures enriched in one of the isomers or to prepare the desired isomer substan- 
tially free of the undesired isomer. 

40 [0011] Inasmuch as the preparation of a stereorigid metallocene compound substantially free of one of its racemic 
or meso isomeric forms is particularly desirable, in an embodiment of the invention the conditions of the process are 
selected such that substantially all the undesired isomer is decomposed. 

[0012] Therefore, according to another aspect, the present invention provides a process for the preparation of the 
racemic or meso isomeric form of a stereorigid, bridged metallocene compound of a transition metal selected from 
45 those belonging to groups 3, 4, 5 or 6 or to the lanthanides or the actinides in the Periodic Table of the Elements (new 
IUPAC version), said process comprising contacting a rac\meso isomeric mixture of the metallocene with a decompo- 
sition agent selected from the compounds having either an acidic hydrogen atom or a reactive halogen atom for a time 
sufficient to decompose substantially all the undesired isomer. 

[0013] Non limitative examples of compounds having acidic hydrogen atoms which can be used in the process of 
50 the present invention are: 

water, 

alcohols such as methanol, ethanol arid the like, 

organic and inorganic acids such as hydrochloric acid, acetic acid, p-toluen-sulphonic acid, HBfphenyl^, 
55 . primary or secondary amines of the formula RNH 2 or R 2 NH wherein R is an alkyl or aryl group such as diethylamine 
and the like, 

quaternary ammonium salts of the formula (R p NH + 4i) ) q (X^), wherein p is 1 , 2 or 3, n is 1 or 2, R is an alkyl group 
and X is a counteranion such as an halogen atom, a S0 4 2 ', HS0 4 -, C0 3 2 \ HC0 3 " or B(phenyl) 4 - group. 
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[0014] Non limitative examples of compounds having reactive halogen atoms which can be used in the process of 
the present invention are the chlorides such as those of the formula R' 3 SiCI, R' 3 GeCI or R 3 SnCI wherein R* is an alkyl 
group. 

[0015] In order to reduce the time required for the decomposition, the above described decomposition agents are 
5 generally used in a molar ratio with the metal of the undesired metallocene isomer higher than 1:1. 

[0016] A class of stereorigid, bridged metallocene compounds which are normally obtained as a rac/meso mixture 
and can thus be subjected to the process of the present invention are those of the formula (I): 

10 



15 



20 




MX2 (I) 



25 wherein M is a metal selected from Ti, Zr and Hf; 

the X substituents, same or different, are hydrogen atoms, halogen atoms or R, OR, SR, NR 2 or PR 2 groups, wherein 
the R substituents are C r C 20 -alkyl, C 3 -C 20 -cycloalkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, C r C 20 -alkylaryl or C7-C 2 Q-aryl alkyl 
radicals which can contain silicon or germanium atoms; 

on each cyclopentadienyl group, the R 1 , R 2 , R 3 and R 4 substituents, same or different, are C r C 20 alkyl radicals, C 3 -C 20 
30 cycloalkyl radicals, C 2 -C 20 alkenyl radicals, C 6 -C 20 aryl radicals, C 7 -C 20 alkylaryl radicals or C r C 20 arylalkyl radicals 
and can contain Si or Ge atoms, and moreover two of the R 1 , R 2 , R 3 and R 4 substituents adjacent on the same cy- 
clopentadienyl ring can form a cycle comprising from 5 to 8 carbon atoms, with the proviso that, in at least one cy- 
clopentadienyl group, R 1 is different from R 4 or R 2 is different from R 3 ; 
Y is a carbon, silicon or germanium atom; 
35 the R 5 substituents, same or different, are hydrogen atoms, C r C 20 alkyl radicals, C 3 -C 20 cycloalkyl radicals, C 2 -C 20 
alkenyl radicals, C 6 -C 20 aryl radicals, C 7 -C 20 alkylaryl radicals or C r C 20 arylalkyl radicals, and moreover two substit- 
uents R 5 can form a cycle comprising from 4 to 8 carbon atoms; 
n is an integer comprised between 1 and 4, preferably being 1 or 2. 

[0017] A particularly interesting class of stereorigid, bridged metallocene compounds are the bridged bis-indenyl 
^0 compounds of the formula (II): 



45 



50 




(H) 



and the corresponding bis-4,5,6,7-tetrahydroindenyl compounds wherein R 1 , R 2 t R 5 , Y, n, M and X are defined as 
above, and the six-carbon-atom rings of the indenyl ligands can optionally be substituted. 
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[0018] Preferred rnetallocene compounds of the formulas (I) or (II) are those wherein M is Zr, the X substituents are 
chlorine atoms or methyl groups, the (YR 5 2 ) n bridging group is a CR S 2 , SiR 5 2 or (CR 5 2 ) 2 group, more preferably a CH 2 , 
C(CH 3 ) 2 , Si(CH 3 ) 2 , or (CH 2 ) 2 group. 

[0019] A particularly interesting rnetallocene compound is the ethylenebis(4,7-dimethyl-indenyl)zirconium dichloride 

5 which can be easily obtained in its pure meso isomeric form with the process of the present invention. 

[0020] Therefore, according to a further aspect, the present invention provides a process for the preparation of eth- 
ylenebis(4,7-dimethyl-indenyl)zirconium dichloride in its substantially pure meso isomeric form, said process compris- 
ing contacting a rac\meso isomeric mixture of said rnetallocene with a decomposition agent selected from the com- 
pounds having either an acidic hydrogen atom or a reactive halogen atom for a time sufficient to decompose substan- 

10 tially all the racemic isomer. 

[0021] A particularly convenient method for the synthesis of bridged rnetallocene compounds is described in Euro- 
pean Patent Application EP 0 722 950. This method goes through the synthesis of intermediate silyl-, germyl- or stannyl- 
substituted ligands which can be prepared in their racemic and meso forms, and then can be selectively transformed 
into the corresponding metallocenes by reaction with a transition metal compound of formula MX 4 , wherein M is a 

15 titanium, zirconium or hafnium atom and X is an halogen atom. 

[0022] It has been observed that if the rac/meso mixture of the silyl-, germyl- or stannyl- substituted ligand is allowed 
to react for prolonged times with the transition metal compound, one of the isomers is decomposed. 
[0023] Therefore, according to a particularly suitable embodiment of the present invention, the decomposition agent 
is a silyl-, germyl- or stannyl-chloride of the formula R* 3 SiCI, R^GeCI or R' 3 SnCI, wherein R' is an alkyl group, which 

20 is generated by the reaction of a silyl-, germyl- or stannyl- substituted ligand of the target rnetallocene with a transition 
metal compound of formula MX 4 wherein M is a titanium, zirconium or hafnium atom, preferably a zirconium atom, and 
X is an halogen atom, preferably a chlorine atom. 

[0024] The rnetallocene compounds obtainable with the process of the present invention are useable, in combination 
with a cocatalyst, in the polymerization of olefins. 
25 [0025] The following examples are given for illustrative purposes and do not limit the invention. 

CHARACTERIZATIONS 

[0026] The 1 H-NMR analyses were carried out on a Bruker 200 MHz instrument, using CDCI 3 as a solvent, at room 
30 temperature. 

[0027] All the operations were carried out in a dry nitrogen atmosphere, using the conventional techniques for the 
handling of compounds which are sensitive to air. 
THF = tetrahydrofuran 
Et 2 0 = ethyl ether 

35 

Synthesis of 1,2-bis(1-trimethylsilyl-4,7-dimethyl-indenyl) ethane [EBDMKTMSkl 

[0028] 103.8 g (331 mmol) of 1,2-bis(4,7-dimethyl-indenyl)ethane (Boulder, mixture of double bonds positional iso- 
mers) were slurred in 680 mL of THF in a 1 L flask equipped with stirring bar. This suspension was added in small 

40 aiiguots over 30 minutes at room temperature in a 2 L flask equipped with reflux condenser, thermometer and mechan- 
ical stirrer, containing 29.48 g of KH (735 mmol) and 205 mL of THF. The reaction was slightly exothermic (T max. 43 
°C) with evolution of hydrogen. At the end of the addition the so obtained suspension was stirred for 2 h, obtaining a 
dark green solution. In a second 2 L flask equipped with thermometer, mechanical stirrer and dropping funnel were 
placed 93.2 mL of Me 3 SiCI (734 mmol) and 210 mL of THF. The dark green solution of the potassium salt was added 

45 dropwise (2 h, slightly exothermic reaction, T max. 30 °C) and at the end of the addition the mixture was stirred for 44 
h, obtaining a brown-orange milk. The reaction was monitored by NMR (40 mg dissolved in CDCI 3 ) and GC. After 16 
h the reaction was complete. After 44 h the mixture was treated with water (200 mL) while stirring, and then NaCI to 
induce phase separation. The organic layer was dried over Na 2 S0 4 , filtered and brought to dryness. 142.8 g of a light 
brown solid was obtained (yield 94.3%). 

50 

EXAMPLE 1 (Comparison) 

Synthesis of rac/meso -ethytene-bis(4,7-dimethyl-indenyl) zirconium dichloride 

55 [0029] 0.908 g of ZrCI 4 (PM 233.03 g/mol, 3.9 mmol), 90 mL of CH 2 CI 2 and 1.787 g of EBDMI(TMS) 2 (PM 458.5, 
3.9 mmol) were placed in a 100 mL flask equipped with stirring bar. The dark brown suspension was stirred for 2 h, 
then the reaction stopped by removing all volatiles in vacuo: the brown powder was placed in a frit and washed several 
times with Et 2 0 until the Et 2 0 was light yellow (100 mL) then with CH 2 CI 2 and finally dried in vacuo. 0.638 g (35 %) of 
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yellow-orange powder were obtained: 1 H NMR shows the presence of a mixture of the two isomers of EBDMIZrCI 2 
(rac:meso = 45:55). The product was chemically pure. 

EXAMPLE 2 

5 

Synthesis of meso -ethylene-bis(4 t 7-dimethyl-indenyl)zirconium dichloride 

[0030] 0.75 g of ZrCI 4 (PM 233.03 g/mol, 3.22 mmol), 85 mL of CH 2 CI 2 and 1 .47 g of EBDMI(TMS) 2 (PM 458.5, 3.22 
mmol) were charged in a 100 mL flask: a dark brown suspension was obtained which was stirred for 22 h at- room 
10 temperature, 2 mL aliquots were taken out after 4 and 10 h. The aliquots were dried and analyzed by 1 H NMR. After 
4 h the reaction was completed (all ligand consumed), with formation of a ca. 1 :1 rac/meso with notable decomposition. 
After 10 h the racemic isomer was diminished, and decomposition increased. After 22 h the reaction was stopped by 
removing all volatiles in vacuo. The brown powder was transferred on a frit and washed with Et 2 0 (5x20 mL). After 
drying a yellow-green powder was obtained (0.364 g, 24 %) which analyzes ( 1 H NMR) as meso-EBDMIZrCI 2 (> 98%). 

15 

EXAMPLE 3 

Synthesis of meso-ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride 

20 [0031] 5.6 g of ZrCI 4 (PM 233.03 g/mol, 24 mmol), 220 mL of CH 2 CI 2 and 1 1 g of EBDMI(TMS) 2 (PM 458.5, 24 mmol) 
were charged in a 250 mL flask equipped with stirring bar. A dark brown suspension was obtained, which was stirred 
at room temperature for 23 h. The reaction was stopped by filtration, and the residue was extracted with CH 2 CI 2 until 
colourless (the insoluble residue was discarded). The CH 2 CI 2 solutions were combined and brought to dryness under 
vacuum, yielding a brown powder which was placed in a frit and washed several times with Et 2 0 until the Et 2 0 was 

25 colourless (200 mL). A dark yellow powder was obtained. A fraction of it was washed with CH 2 CI 2 : 1 H NMR analysis 
revealed the presence of pure meso-EBDMIZrCI 2 (the rac isomer being present in traces). The rest of the product 
contained, besides traces of the rac isomer, also some organic impurities: Et 2 0 alone was not enough to purify the 
product. Total yield 2.67 g, 24 %. The meso-EBDMIZrCI 2 only was obtained, as a lemon yellow powder. 

30 EXAMPLE 4 

Synthesis of meso -ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride 

[0032] 1.53 g of ZrCI 4 (PM 233.03 g/mol, 6.54 mmol), 100 mL of CH 2 CI 2 and 3 g of EBDMI(TMS) 2 (PM 458.5, 6.54 
35 mmol) were placed in a 250 mL flask equipped with stirring bar. The dark brown mixture was stirred 23 h at room 
temperature. The reaction was stopped by removing the volatiles under vacuum: the brown powder was placed in a 
frit and washed several times with Et 2 0 until the Et 2 0 was colourless (100 mL). A yellow-green powder (0.7 g, 23 %) 
was obtained, which contained meso-EBDMIZrCI 2 (rac isomer traces) and organic impurities. 

40 EXAMPLE 5 

Meso-enrichment of a 1:1 rac/roeso-mixture of ethylene-bis(4,7"dimethyl-indenyl)zirconium dichloride with H 9 Q 

[0033] 0.25 g of a 1:1 rac/meso mixture of ethyIene-bis(4,7-dimethyl-indenyl)zirconium dichloride were dissolved in 
45 55 mL of THF in a 50 mL Schlenk tube under nitrogen, 47 microliters of water were added with a syringe (Zr/H 2 0 = 5 
molar), and the solution was stirred for 4 hours. Half of the solution was taken out, dried at 30 °C for 5 hours. The solid 
product was analyzed by 1 H NMR (CDCI3, 200 Mhz): meso/rac ratio = 90:10. The rest of the solution was stirred for 
a total of 24 hours, and analyzed in the same way: meso/rac ratio = 100:0. 

so EXAMPLE 6 

Meso-enrichment of a 1:1 rac/meso-mixture of ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride with ChUOH 

[0034] 0.25 g of a 1:1 rac/meso mixture of ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride were dissolved in 
55 55 mL of CH 2 CI 2 in a 50 mL Schlenk tube under nitrogen, methanol was added with a syringe (Zr/CH 3 OH = 5 molar), 
and the solution was stirred for 4 hours. Half of the solution was taken out, dried at 30 °C for 5 hours. The solid product 
was analyzed by 1 H NMR (CDCI3, 200 Mhz): meso/rac ratio = 60:40. The rest of the solution was stirred for a total of 
24 hours, and analyzed in the same way: meso/rac ratio = 60:40. 
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EXAMPLE 7 

Meso-enrichment of a 1:1 rac/roeso-mixture of ethylene>bis(4,7-dimelhyl-indenv))zirconium dichloride with (CH 3 ) 3 §iCj 

5 [0035] 0.25 g of a 1:1 rac/meso mixture of ethylene-bis(4,7-dimethyl-indenyl)zirconium dichloride were dissolved in 
55 mL of CH 2 CI 2 in a 50 mL Schlenk tube under nitrogen, trimethylchlorosilane was added with a syringe (Zr/(CH 3 ) 3 SiCI 
= 5 molar), and the solution was stirred for 24 hours, and analyzed by 1 H NMR (CDCI3, 200 Mhz): meso/rac ratio = 2:1. 



10 Claims 

1 . A process for the modification of the rac/meso ratio in a mixture of racemic and meso isomeric form of a stereorigid, 
bridged metallocene compound of a transition metal selected from those belonging to groups 3, 4, 5 or 6 or to the 
lanthanides or the actinides in the Periodic Table of the Elements (new IUPAC version), said process comprising 

15 contacting said mixture with a decomposition agent selected from the compounds having either an acidic hydrogen 

atom or a reactive halogen atom for a time sufficient to decompose at least part of one of the isomeric forms. 

2. A process for the preparation of the racemic or meso isomeric form of a stereorigid, bridged metallocene compound 
of a transition metal selected from those belonging to groups 3, 4, 5 or 6 or to the lanthanides or the actinides in 

20 the Periodic Table of the Elements (new IUPAC version), said process comprising contacting a rac\meso isomeric 

mixture of the metallocene with a decomposition agent selected from the compounds having either an acidic hy- 
drogen atom or a reactive halogen atom for a time sufficient to decompose substantially all the undesired isomer. 

3. The process according to any of claims 1 or 2, wherein the compound having an acidic hydrogen atom is selected 
25 between: 

water, 
alcohols 

organic and inorganic acids 
30 - primary or secondary amines of the formula RNH 2 or R 2 NH wherein R is an alkyl or aryl group 

quaternary ammonium salts of the formula (RpNH%. p ) p (X^-), wherein p is 1 , 2 or 3, n is 1 or 2, R is an alkyl 
group and X is a counteranion such as an halogen atom, a S0 4 2_ , HS0 4 -, C0 3 2 -, HC0 3 " or B(phenyl) 4 - group. 

4. The process according to any of claims 1 or 2, wherein the compound having a reactive halogen atom is selected 
35 from the chlorides of the formula R' 3 SiCI, R 3 GeCI or R' 3 SnCI wherein R' is an alkyl group. 

5. The process according to any of claims 1 or 2, wherein the decomposition agent is used in a molar ratio with the 
metal of the undesired metallocene isomer higher than 1:1. 

40 6. The process according to any of claims 1 or 2, wherein the metallocene compound is selected between those of 
the formula (I): 



45 



50 



55 
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wherein M is a metal selected from Ti, Zr and Hf; 

the X substituents, same or different, are hydrogen atoms, halogen atoms or R, OR, SR, NR 2 or PR 2 groups, 
wherein the R substituents are C r C 20 -alkyl, C 3 -C 20 -cycloalkyl, C 2 -C 2 o-alkenyl, C 6 -C 20 -aryl, C 7 -C 20 -alkylaryl or 
C 7 -C 20 -ary!alkyl radicals which can contain silicon or germanium atoms; 

5 on each cyclopentadienyl group, the R 1 , R 2 , R 3 and R 4 substituents, same or different, are C r C 20 alkyl radicals, 

C 3 -C 20 cycloalkyl radicals, C 2 -C 20 alkenyl radicals, C 6 -C 20 aryl radicals, C 7 -C 20 alkylaryl radicals or C 7 -C 20 arylalkyl 
radicals and can contain Si or Ge atoms, and moreover two of the R 1 , R 2 , R 3 and R 4 substituents adjacent on the 
same cyclopentadienyl ring can form a cycle comprising from 5 to 8 carbon atoms, with the proviso that, in at least 
one cyclopentadienyl group, R 1 is different from R 4 or R 2 is different from R 3 ; 

10 Y is a carbon, silicon or germanium atom; 

the R 5 substituents, same or different, are hydrogen atoms, C r C 20 alkyl radicals, C 3 -C 20 cycloalkyl radicals, C 2 -C 20 
alkenyl radicals, C 6 -C 20 aryl radicals, C 7 -C 20 alkylaryl radicals or C 7 -C 20 arylalkyl radicals, and moreover two 
substituents R 5 can form a cycle comprising from 4 to 8 carbon atoms; 
n is an integer comprised between 1 and 4, preferably being 1 or 2. 

15 

7. The process according to claim 6, wherein the metallocene compound is selected between those of the formula (II): 



20 



25 



30 




and the corresponding bis-4,5,6,7-tetrahydroindenyl compounds wherein R 1 , R 2 , R 5 , Y, n, M and X are defined as 
35 in claim 6, and the six-carbon-atom rings of the indenyl ligands can optionally be substituted. 

8. The process according to any of claims 6 or 7, wherein in the metallocene compounds of the formulas (I) or (II) M 
is Zr, the X substituents are chlorine atoms or methyl groups, the (YR 5 2 ) n bridging group is a CR 5 2 , SiR 5 2 or (CR 5 2 ) 2 
group, preferably a CH 2 , C(CH 3 ) 2 , Si(CH 3 ) 2 , or (CH 2 ) 2 group. 

40 

9. A process for the preparation of ethylenebis(4,7-dimethyl-indenyl)zirconium dichioride in its substantially pure 
meso isomeric form, said process comprising contacting a rac\meso isomeric mixture of said metallocene with a 
decomposition agent selected from the compounds having either an acidic hydrogen atom or a reactive halogen 
atom for a time sufficient to decompose substantially all the racemic isomer. 

45 

10. The process according to any of the preceeding claims, wherein the decomposition agent is a silyl-, germyl- or 
stannyl-chloride of the formula R 3 SiCI, R' 3 GeCI or R' 3 SnCI, wherein R* is an alkyl group, which is generated by 
the reaction of a silyl-, germyl- or stannyl-substituted ligand of the target metallocene with a transition metal com- 
pound of formula MX 4 wherein M is a titanium, zirconium or hafnium atom, preferably a zirconium atom, and X is 

50 an halogen atom, preferably a chlorine atom. 



Patentanspruche 

55 1. Verfahren zur Modifizierung des rac/meso-Verhaitnisses in einem Gemisch von racemischer und meso-lsomeren- 
Form einer stereorigiden verbrOckten Metallocenverbindung eines Ubergangsmetalls, ausgewahlt aus jenen, die 
zu Gruppen 3, 4, 5 Oder 6 Oder zu den Lanthaniden oder den Actiniden des Periodensystems der Elemente (neue 
lUPAC-Version) gehflren, wobei das Verfahren In-Kontakt-Bringen des Gemisches mit einem Zersetzungsmittel, 
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ausgewahlt aus den Verbindungen mit entweder einem sauren Wasserstoffatom oder einem reaktiven Halogena- 
tom, fOr einen zum Zersetzen von mindestens einem Teil von einer der isomeren Formen ausreichenden Zeitraum 
umfasst. 

Verfahren zur Herstellung der racemischen oder meso-lsomeren-Form einer stereorigiden verbrQckten Metallo- 
cenverbindung eines Obergangsmetalls, ausgewahlt aus jenen, die zu Gruppen 3, 4, 5 oder 6 oder zu den Lan- 
thaniden oder den Actiniden des Period ensystems der Elemente (neue I UPAC- Version) gehdren, wobei das Ver- 
fahren In-Kontakt-Bringen eines rac/meso-lsomerengemisches des Metallocens mit einem Zersetzungsmittel, 
ausgewahlt aus den Verbindungen mit entweder einem sauren Wasserstoffatom oder einem reaktiven Halogena- 
tom, fur einen ausreichenden Zeitraum zum Zersetzen im Wesentlichen des gesamten unerwunschten Isomers 
umfasst. 

Verfahren nach einem der Anspruche 1 oder 2, wobei die Verbindung mit einem sauren Wasserstoffatom ausge- 
wahlt ist, zwischen: 

Wasser, 
Aikoholen, 

organischen und anorganischen SSuren, 

primaren oder sekundSren Aminen der Formel RNH 2 oder R 2 NH, worin R eine Alkyl- oder Arylgruppe darstellt, 
quaternaren Ammoniumsalzen der Formel (R p NH%. p ) p (x c '-) 1 worin p 1, 2 oder 3 ist, n 1 oder 2 ist, R eine 
Alkyigruppe darstellt und X ein Gegenanion, wie ein Halogenatom, eine Gruppe S0 4 2 \ HS0 4 *. C0 3 2 -, HC0 3 " 
oder B(Phenyl) 4 -darste!lt. 

Verfahren nach einem der Ansprtlche 1 oder 2, wobei die Verbindung mit dem reaktiven Halogenatom ausgewahlt 
ist aus den Chloriden der Formel R' 3 SiCI, R 3 GeCI Oder R^SnCI, worin R* eine Alkyigruppe darstellt. 

Verfahren nach einem der Anspruche 1 oder 2, wobei das Zersetzungsmittel mit dem Metall des unerwOnschten 
Metallocenisomers in einem MolverhSltnis hoher als 1:1 vorliegt. 

Verfahren nach einem der Anspruche 1 oder 2, wobei die Metallocenverbindung ausgewahlt ist zwischen jenen 
der Formel (I): 



worin M ein Metall, ausgewahlt aus Ti, Zr und Hf, darstellt; 

die Substituenten X gleich oder verschieden Wasserstoffatome, Halogenatome oder Gruppen R, OR, SR, 
NR 2 oder PR 2 darstellen, worin die Substituenten R C r C 20 -Alkyl-, C 3 -C 20 -Cycloalky1-, C 2 -C 20 -Alkenyl-, C 6 -C 20 - 
Aryl-, C 7 -C 20 -Aikylaryloder C 7 -C 20 -Arylalkylreste, die Silizium- oder Germaniumatome enthalten k&nnen, darstel- 
len, 

an jeder Cyclopentadienylgruppe die Substituenten R 1 , R 2 , R 3 und R 4 gleich oder verschieden C r C 20 -AI- 
kylreste, C 3 -C 20 -Cycloalkylreste, C 2 -C 20 -Alkenylreste, C 6 -C 20 -Arylreste, C 7 -C 20 -Alkylarylreste oder C 7 -C 20 -Aryl- 
alkylreste darstellen und Sioder Ge-Atome enthalten k^nnen und dariiber hinaus zwei der am gleichen Cyclopen- 
tadienylring benachbarten Substituenten R 1 , R 2 , R 3 und R 4 einen 5-8 Kohlenstoffatome umfassenden Cyclus bil- 
den kdnnen, mit der MaRgabe, dass in mindestens einer Cyclopentadienylgruppe R 1 von R 4 verschieden ist oder 
R 2 von R 3 verschieden ist; 

Y ein KohlenstofT-, Silizium- oder Germaniumatom darstellt; 

die Substituenten R 5 gleich oder verschieden Wasserstoffatome, C 1 -C 20 -Alkylreste, C 3 -C 20 -Cycloalkylreste, 
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C 2 -C 20 -Alkenylreste, C 6 -C 20 -Arylreste, C 7 -C 20 -Alkylarylreste oder C 7 -C 20 -Arylalkylreste darstellen und daruber 
hinaus 2 Substituenten R 5 einen Cyclus, umfassend 4 bis 8 Kohlenstoffatome, bilden kbnnen; 
n eine ganze Zahl umfasst zwischen 1 und 4, vorzugsweise 1 Oder 2, ist. 

5 7. Verfahren nach Anspruch 6, wobei die Metallocenverbindung zwischen jenen der Formel (II) : 



10 



15 




20 

und den entsprechenden Bis-4,5,6,7-tetrahydroindenylverbindungen, worin R 1 , R 2 , R 5 , Y, n, M und X wie in 
Anspruch 6 definiert sind, und die Sechs-Kohlenstoffatom-Ringe der Indenylliganden gegebenenfalls substituiert 
sein kfinnen, ausgewShlt ist. 

25 8. Verfahren nach einem der Anspruche 6 oder 7, wobei in den Metallocenverbindungen der Formeln (I) oder (II) M 
Zr darstellt, die Substituenten X Chloratome oder Methylgruppen darstellen, die BrQckengruppe (YR 5 2 ) n eine Grup- 
pe CR 5 2 , SiR 5 2 oder (CR 5 2 ) 2 , vorzugsweise eine Gruppe CH 2 , C(CH 3 ) 2 , Si(CH 3 ) 2 oder (CH 2 ) 2 , darstellt. 

9. Verfahren zurHerstel lung von Ethylenbis(4,7-dimethyl-indenyl)zirkoniumdichlorid in imWesentlichen seiner reinen 
30 meso-lsomeren-Form, wobei das Verfahren In-Kontakt-Bringen eines rac/meso-lsomerengemisches des Metal- 

locens mit einem Zersetzungsmittel, ausgewShlt aus Verbindungen mit entweder einem sauren WasserstofTatom 
oder einem reaktiven Halogenatom, fur einen zum Zersetzen im Wesentlichen des gesamten racemischen Isomers 
ausreichenden Zeitraum umfasst. 

35 10. Verfahren nach einem der vorangehenden Ansprtiche, wobei das Zersetzungsmittel ein Silyl-, Germyl- oder Stan- 
nylchlorid der Formel R^SiCI, R' 3 GeCI oder R' 3 SnCI ist, worin R' eine Alkylgruppe darstellt, die durch die Reaktion 
eines Silyl-, Germyl- oder Stannyl-substituierten Liganden des Zielmetallocens mit einer Obergangsmetallverbin- 
dung der Formel MX 4 , worin M ein Titan-, Zirkonium- oder Hafniumatom, vorzugsweise ein Zirkoniumatom, darstellt 
und X ein Halogenatom, vorzugsweise ein Chloratom, darstellt, erzeugt wird. 

40 

Revendicatlons 

1. Procede pour la modification du rapport rac/meso dans un melange de formes isomeres racemique et meso d'un 
45 compose metallocene ponte stereorigide d'un metal de transition choisi parmi ceux qui appartiennent aux groupes 

3, 4, 5 ou 6 ou aux lanthanides ou aux actinides dans le Tableau Periodique des Elements (nouvelle version 
IUPAC), ledit procede comprenant la mise en contact dudit melange avec un agent de decomposition choisi parmi 
les composes ayant soit un atome d'hydrogene acide, soit un atome d'halogene reactif pendant un temps suffisant 
pour decomposer au moins une partie de Tune des formes isomeres. 

50 

2. Procede pour la preparation de la forme isomere racemique ou meso d'un compose metallocene ponte stereorigide 
d'un metal de transition choisi parmi ceux qui appartiennent aux groupes 3, 4, 5 ou 6 ou aux lanthanides ou aux 
actinides dans le Tableau Periodique des Elements (nouvelle version IUPAC), ledit procede comprenant la mise 
en contact d'un melange isomere rac/meso du metallocene avec un agent de decomposition choisi parmi les 

55 composes ayant soit un atome d'hydrogene acide, soit un atome d'halogene reactif pendant un temps suffisant 

pour decomposer substantiellement la totalite de I'isomere indesire. 

3. Procede suivant I'une quelconque des revendications 1 ou 2, dans lequel le compose ayant un atome d'hydrogene 
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acide est choisi parmi: 
I'eau, 

!es alcools, 

les acides organiques et inorganiques, 

les amines primaires ou secondaires de formule RNH 2 ou R 2 NH, dans lesquelles R est un groupe alkyle ou 
aryle, 

les sels d'ammonium quaternaire de formule (R p NH + 4i 3) p (X ( '*). dans laquelle p est 1, 2 ou 3, n est 1 ou 2, R 
est un groupe alkyle et X est un contre-anion comme un atome d'halogene, un groupe S0 4 2 -, HS0 4 *, C0 3 2 -, 
HC0 3 - ou B(pheny1)4\ 

Proc6d6 suivant Tune quelconque des revendications 1 ou 2, dans lequel le compose ayant un atome d'halogene 
r6actif est choisi parml les chlorures de formule R' 3 SiCI, R' 3 GeCI ou R 3 SnCI dans laquelle R' est un groupe alkyle. 

Procede suivant Tune quelconque des revendications 1 ou 2, dans lequel I'agent de decomposition est utilise selon 
un rapport molaire avec le metal de I'isomere indesire de metallocene superieur a 1:1. 

Procede suivant Tune quelconque des revendications 1 ou 2, dans lequel le compose metallocene est choisi parmi 
ceux de formule (I): 




dans laquelle : 
M est un metal choisi parmi Ti, Zr et Hf ; 

les substituants X, identiques ou differents, sont des atomes d'hydrogene, des atomes d'halogene ou des 
groupes R, OR, SR, NR 2 ou PR 2 , dans lesquels les substituants R sont des groupes alkyle en C^o. cycloalkyle 
en C 3 _ 20 , alc6nyle en C 2 _ 20 , aryle en C 6 . 20 , alkylaryle en C 7 . 20 ou arylalkyie en C 7 . 20 qui peuvent contenir des 
atomes de silicium ou de germanium ; 

sur chaque groupe cyclopentadienyle, les substituants R 1 , R 2 , R 3 et R 4 , identiques ou differents, sont des 
groupes alkyle en C^q, des groupes cycloalkyle en C 3 . 20 , des groupes alcenyle en C 2 . 20 , des groupes aryle 
en C 6 . 20 , des groupes alkylaryle en C 7 _ 20 ou des groupes arylalkyie en C 7 . 20 et peuvent contenir des atomes 
de silicium ou de germanium, et de plus, deux des substituants R 1 , R 2 , R 3 et R 4 adjacents sur le m§me cycle 
cyclopentadienyle peuvent former un cycle comprenant de 5 a 8 atomes de carbone, a la condition que dans 
au moins Tun des groupes cyclopentadienyle, R 1 soit different de R 4 ou R 2 soit different de R 3 ; 
Y est un atome de carbone, de silicium ou de germanium ; 

les substituants R 5 , identiques ou differents, sont des atomes d'hydrogene, des groupes alkyle en C U2 q> des 
groupes cycloalkyle en C 3 . 20 , des groupes alcenyle en C 2 . 20 , des groupes aryle en C 6 . 20 , des groupes alky- 
laryle en C^q ou des groupes arylalkyie en C^q, et de plus, deux substituants R 5 peuvent former un cycle 
comprenant de 4 a 8 atomes de carbone ; 
n est un entier compris entre 1 et 4, de preference n est 1 ou 2. 

Procede suivant la revendication 6, dans lequel le compose metallocene est choisi parmi ceux de formule (II): 
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(n) 




MX 2 



(H) 



et les composes bis-4,5,6,7-tetrahydroindenyle correspondents, dans laquelle R 1 , R 2 f R 5 , Y, n, M et X sont 
tels que definis dans la revendication 6, et les noyaux a six atomes de carbone des llgands indenyle peuvent §tre 
eventuellement substitues. 

Procede suivant Tune quelconque des revendications 6 ou 7, dans lequel, dans les composes metallocene des 
formules (I) ou (II), M est Zr, les substituants X sont des atomes de chlore ou des groupes methyle, !e groupe de 
pontage (YR 5 2 ) n est un groupe CR 5 2 , SiR 5 2 ou (CR 5 2 ) 2 , de preference un groupe CH 2 , C(CH 3 ) 2 , Si(CH 3 ) 2 ou 
(CH 2 ) 2 . 

Precede pour la preparation du dlchlorure d'ethylene bis-(4,7-dimethyl-indenyl)-zirconium sous sa forme isomere 
meso pratiquement pure, ledit procede comprenant la mise en contact d'un melange isomere rac/meso dudlt me- 
tallocene avec un agent de decomposition choisi parmi les composes ayant soit un atome d'hydrogene acide, soit 
un atome d'halogene reactif pendant un temps suffisant pour decomposer substantiellement la totalite de I'isomere 
rac6mique. 

Procede suivant Tune quelconque des revendications precedentes, dans lequel I'agent de decomposition est un 
chlorure de silyle, de germyle ou de stannyle de formule R' 3 SiCI, R' 3 GeCI ou R' 3 SnCI, dans laquelle R* est un 
groupe alkyle, qui est genere par la reaction d'un ligand silyle- substitue par un germyle- ou stannyle- du metallo- 
cene cible avec un compose de metal de transition de formule MX 4 , dans laquelle M est un atome de titane, de 
zirconium ou de hafnium, de preference un atome de zirconium, et X est un atome d'halogene, de preference un 
atome de chlore. 
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